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1. Consider the signal

s(t) = w(t)z(t),

w(t) = e−0.05t, t ≥ 0,

z(t) = sin(0.5t),

with w(t) = 0 for t < 0, sampled with T = 1 and with N = 100 samples s[n], n =
0, 1, . . . , N − 1.

(a) Plot the periodogram of s[n] with correct axes. (3p)
(b) What is the theoretical DTFT for the window W (eiω)? (4p)
(c) Plot a good approximation of the function |W (eiω)|, either making use of the analytical

expression, or with direct calculations in Matlab. (3p)

2. We have observed the signal y[k], and estimated the covariance function to be

Ryy(0) = 3, Ryy(1) = 2, Ryy(2) = 1,

with Ryy(k) = 0 for all |k| > 2. Further, we have estimated one impulse response coefficient
to be h(2) = 1. Suppose we want to model the signal y[k] as a linear filter driven by white
noise with variance 1. Does such a filter exist, and is the filter unique? (10p)

3. Generate the chirp signal

ty=0:0.001:0.5;
y=chirp(ty,0,1,1000);

which happens to be the first quarter of the signal from the book cover. Design and
implement an adaptive filter that predicts the output as well as possible. Use an AR(n)
model, and motivate your choice of n and design parameter in the adaptive algorithm you
choose. Present a plot of the prediction error and compute what the total RMSE is (root
mean square of the prediction error). (10p)

4. Consider the innovation model

s(t+ 1) = as(t) + be(t),

y(t) = s(t) + e(t),

Var(e(t)) = σ2.

(a) What is the condition on a, b and σ2 for this to be a stable innovation model? Consider
two cases separately, one where e(t) is the input and y(t) is the output, and another
case with y(t) as an input and s(t) as the output (the observer/filter form). (2p)

(b) What is the theoretical spectrum Φyy(eiω) for this innovation model? (2p)
(c) Consider the state space model with two noise inputs

x(t+ 1) = 0.5x(t) + w(t),

y(t) = x(t) + v(t),

Var(w(t)) = Var(v(t)) = 1,

where w(t) and v(t) are independent. What is the theoretical spectrum Φyy(eiω) for
this state space model? (2p)

(d) What is the stationary Kalman filter on predictor form for this state space model with
two noise inputs? In other words, what is a, b and σ2 in the innovation model? (4p)
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